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ABSTRACT

The modern dynamical systems of various physical natures, such as natural, social, economic, and technical ones,
are complexes of various subsystems. Here, the fundamental basis of nonlinear theory of system’s synthesis based
on synergetics as well as fractional calculus approach in modern control theory together with its application will be
presented. Also, mathematical phenomenology of self-organization of nonlinear dynamical systems have been
considered. The difference of synergetic approach from the classical scientific methods is in identification of the
fundamental role of self-organization in nonlinear dynamic systems, and it is necessary to keep the conceptual
correspondence to the main qualities of self-organization: nonlinearity—open systems—coherence. Russian scientist
A.A. Kolesnikov developed a novel synergetic approach based on the ideas of modern mathematics, cybernetics,
and synergetics to the synthesis of control systems for nonlinear, multidimensional and multilinked dynamic systems
of various natures. The synergetic approach to control theory (synergetic control theory) is a novel nonlinear control
method where the nonlinearities of a system are considered in the control design and a systematic design procedures.
On the other side, fractional calculus (FC) has a long history of three hundred years, over which a firm theoretical
foundation has been established. All fractional operators consider the entire history of the process being considered,
thus being able to model the non-local and distributed effects often encountered in natural and technical phenomena
and they provide an excellent instrument for description of the memory, heredity, non-locality, self-similarity, and
stochasticity of various materials and processes. Fractional dynamics can be encountered in various nonlinear
dynamical systems such as visco-elastic materials, electrochemical processes, thermal systems, transmission and
acoustics, chaos and fractals, biomechanical systems, and many others. The fractional dynamic systems with
nonlinear control represent a relatively new class of applications of the FC which certified the FC as being a
fundamental tool in describing the dynamics of complex systems as well as in advanced nonlinear control theory.
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MonepHy IMHAMUYKK CUCTEMH Cy KOMIUIEKCHH CHCTEMH PaslIMuMTHX (PM3MYKUX MPUPOAA, Ko IITO Cy TPUPOIHH,
OPYILITBEHH, eKOHOMCKHM M TEXHUUYKH U KOJU C€ CacToje Ol pa3inuuTux noacucremMa. OCHOBE HelMWHEAPHHUX TeopHja
CHHTE3¢ CHCTeMa 3aCHOBAHOT Ha CHHEPTreTHLH Kao U (PpaKLUOHOM MaTeMaTHYKOM MPUCTYIY y CaBPEeMEHOj TEeOPHjU
yTpaBJbaba, 3ajelHO ca heroBoM npuMenom he osze Guty npencrasibern. Takolje, pasMaTpana je 1 MaTeMaTHIKa
(eHOMEHONIOTHja CaMOOPTAHM30Baba HEJIMHEAPHUX TUHAMHUYKUX CHCTeMa. Pa3jinKa CHHEPreTCKOr MPHCTYMa Of
KIACHYHUX HAayYHMX METOIa oriiefqa ce y uaeHTuuKauuju (yHIAaMEHTaJHE YIIOre CaMOOPraHW30Bama Y
HEJIMHEAPHNM TMHAMHYKAM CHCTEMHMA,[/I€ jeé HEOMXOIHO Aa Ce 3apKH KOHUENTYATHO OIHOC MpeMa TIIABHUM
OIJIMKaMa CaMOOPraHW30Bama: HEJIMHEAPHOCT - OTBOPEHHM CHUCTEM — KOXEPEHTHOCT. Pycku HaydHUK A.A.
KosecHUKOB je pa3BHO HOBM CHHEPreTCKH MPHUCTYIN 3aCHOBAH HA WEjaMa MOJEPHE MaTeMaThKe, KUOEPHETUKE U
CHHEpreTHKe, CHHTE3€ CHCTeMa YIpaB/barma 3a HEJIWHEapHEe, MYJITHIMMEH3MOHAJIHE M BHIIECTPYKO MOBE3aHE
JQMHAMHUYKE CHCTeMe pasimuute npupoae. CHHEPreTCKU MPUCTYI TEOPHUjH YIIPaB/bamba je HOBA HEJTMHEApHa METO/a
yIpaBJbamwa rie Cy HeIMHEApHOCTH CUCTeMa y3eTe y 003Mp Y CHHTE3H YNpaBibamkba Kao U MpoLeaype CHCTEMATCKOT
npojekroBama. C npyre crpane, peuyn Heuenor peaa (PHP) uma myroromuiimy HUCTOPHjy TH€ je YCHNOCTaB/beHa
Teopujcka ocHOBa ucTor. CBe (pakuuoOHU oOrepaTepyu y3umajy y o03up LEJIOKYMHY MCTOpUjy Tpoleca Koju ce
pa3marpa, unMme je omoryheHo caga aa ce Mojaeiyjy HelokanHu edekTr u edeKTd TUCTPUOYyLMje KOju Ce YeCTO
cpehy y MpUpOOHMM M TEXHWYKUM TI0jaBamMa M OHM oMoryhaBajy Ha Taj HaUMH OIMYAH WHCTPYMEHT 3a OIHC
MeMmopHje, HacieljuBama, HEITOKAJTHOCTH, CAMOCIMYHOCTH, W CTOXaCTHMYHOCTH  Pa3IMYUTHUX Martepujana u
r[poueca.@paKuI/IOHa JMHAMHUKa CE€ MOXKE CPECTU Yy pa3/IMYUTUM HEJIIMHCAPHUM IWHAMWYKHUM CUCTEMHMA Kao 1ITO Cy
BUCKOGJIACTUYHHM MAaTepHjali, eJeKTPOXEMHJCKH TpPOLECH, TEPMUUYKH TPOLECH,aKyCTHKa, Xaoc W (dpakramnm,
OMOMEXaHWYKU CHUCTEMH U MHOTH AOpyru. (I)paKL[I/IOHI/I JAHAMWYKN CUCTEMU Ca HEJIMHCAPHHUM YIPaBJbakbeM
MpeJICTaB/bajy pellaTUBHO HOBY Kiacy npumena PHP, riae je morpheno ma PHP npencraB/ba OCHOBHO CPENCTBO Y
ONKCY AMHAMUKE CJIOKEHHUX CHCTEMA Kao U (hopMuparby HampeqHe HelIMHeapHe TEOPHje yIpaBbarba.
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